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Extraction and seperation method and apparatus using supercritical fluid. 



Extraction and separation method and apparatus using a supercritical fluid for extracting a specified 
component from a sample by a supercriiical fluid and introducing the supercritical fluid ccntaining the extracted 
component into a silica gel coated vvirh silver nitrate so as to separate the extracted component. 

By the combination of the extracting operation by a supercritical fluid uncer mild conditions and chronnatog- 
raphy taking the advantage of the selectivity of the silica gel column coated with silver nitrate to olefins, the 
extract IS obtained at a high concentration without producing denaturation. 
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EXTRACTION AND SEPARATION METHOD AND APPARATUS USING SUPERCRITICAL FLUID 



BACKGROUND OF ^HE INVENTION 



"ieid of tne Invention 



The present invention relates to extraction and separation method and apparatus using a supercritical 
fluid and, nnore pamcuiarly. to the innprovennent of the nnechanisnn of separating the extracted cornoonent. 

Description of the Related Art 



A safe and inexpensive extraction method which is free from toxicity, nam and cdcr is demanded in 
the food, oerfume, pharmaceutical and cosmetic industry fielcs. etc. 
?5 For e<ampte. fish oils contain about 10% of 5.8. 1 1 , 1 4. t Z-eicosaoentaencic acid (hereinunder referred to 

as "EPA) having five double bonds or about 10% of 4,7.10,13.16,19-docosahexaenoic acid (hereinunder 
re-'erred to as "DHA) having six double bonds as an fatty acid which constitutes triglyceride. An EPA fnethyi 
ester anc a DHA methyi ester attract medical attention as a physiological active substance which is 
effective for the remedy for arteriosclerosis and myccardiai infarction. 
20 Attennpi has heretofore been made to concentrate and purify these methyl esters from methyl ester 

ccmpounds of r'ish oils by fractional distiiiation. liquid chromatography or the like. 

These methyl esters, however, have many double bonds in a molecule, so that they are susceptible to 
denaturation due to heat and oxygen. 

Fractional distillation and liquid chrcmatography. which involve the step of heating and exposing the 
25 extract for a long time in the process of operation, produce a problem of denaturation. 

As a technique of liquid chromatography, a method of separating and analyzing olefins, in particular, in 
the cis form by using a silica gel column coated with silver nitrate is known and a method of separating an 
EPA methy ester or a DHA methyl ester by using this technique has been reported. 

By this method, however, the substance being separated is apt to be denaturated by heat at the time of 
30 removing the organic solvent contained in the fracticn. 

As a countermeasure. extraction and separation by using a supercritical fluid of carbon dioxide, for 
examole. which can be operated under comparatively mild conditions has recently gathered attraction in 
piace of fractional distillation and liquid chromatograohy. 

A substance takes a solid. Iiqu:d cr gas phase by varying the temperature and the pressure at a 
35 temperature below a predetermined critical temperature, but when the temperature exceeds the critical 
temperature, the substance cannot take a liquid phase any more however high pressure is applied thereto 
A fluid m this state is called a supercritical fluid and has its characteristic physical properties which are not 
observed in general gas and liquid. 

For example, the density of a supercritical fluid is several hundred times as high as that of a gas, rather 
40 closer to that of a liquid, but the viscosity thereof is substantially equal to that of a gas. The diffusion 
ccefficient thereof is about 1. 100 of that of a gas and several hundred lime as large as that of a liquid. 

Consequently, it is suggested that use of a supercritical liquid accelerates tne movement, distribution 
and other physicochemical process of a substance more than use of a liquid. That is. use of a supercritical 
Muid as an extraction solvent or a mobile phase solvent can achieve more efficient extraction. 
45 The conventional extraction and separation method and apparatus using a supercritical fluid, however, is 

disadvantageous in that a high concentration ratio cannot be obtained with respect to the components such 
as an EPA methyl ester and a DHA methy! ester. 

50 SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to eliminate the above-descrioed prcbiems in the 
related art and to provide extraction and separation method and aoparatus using a supercritical fluid which 
are capable of separating an e:<tract at a high concentration ratio v/hile suppressing the degeneration of the 
extract. 

2 



NiSDOCiC ■■ E= ,_._:^79963Ai 



1 



EP 0 379 963 A1 



As a result cf stuaies undertaken by the present inventors so as to achieve this ainn, it has been found 
that a high concentration ratio is obtained without producing a denaturaiion of the extract by combining the 
extracting operation under mild conditions which can be realized by use of a supercritical fluid and 
chromatography taking the advantage of the selectivity of a silica gel column coated witn silver nitrate. The 

5 present invention has been made on the basis of this finding. 

In a first aspect of the present invention, there is provided an extraction and separation method and 
apparatus using a supercritical fluid comprising: an extraction process for extracting a specified component 
from a sample by the supercritical fluid; and a separation process for separating the extracted component 
by mtrcducmg the supercritical fluid containing the extracted component obtained by the extraction process 

70 into a silica gel column coated with silver nitrate. 

In a second aspect of the present invention there is provided an extraction and separation method using 
a supercritical fluid comprising: an extraction process for extracting a specified component from an 
esterified fish oil by a supercritical fluid of carbon dioxide; and a seoaration process for separating an EPA 
methyl ester or a OHA methyl ester by introducing the supercritical ffuid containing the extracted 

15 component into a silica gel column coated with silver nitrate so as to elute the EPA methyl ester by the 
supercritical fluid of carbon dioxide and the DHA ester by the supercritical fluid of carbon dioxide with 
alcohol added thereto. 

In a third aspect of the oresent invention, there is provided an extraction and separation apparatus using 
a supercritical fluid comprising: an extraction portion for extracting a specified component from a sample by 

20 a supercritical fluid; and a separation portion including a silica gel column coated with silver nitrate and 
separating the specified component from tne supercritical fluid containing the extracted component. 

In 3 fourth aspect of the present invention, there is provided an extraction and separation apparatus 
using a supercritical fluid comprising: a fluid supply portion for supplying a supercritical fluid of carbon 
dioxide together with, as desirec. an entrainer consisting of alcohol; an extraction portion for extracting a 

25 specified component from a estenfied fish oil by the supercritical fluid of carbon dioxide supplied from the 
fluid supply portion; and a seoaration portion which includes a silica gel column coated with silver nitrate for 
introducing a sucercriiical fluid containing the extracted component thereinto and adsorbing and holding the 
extracted component and separates and elutes an EPA ester oy the supercritical fluid and a DHA ester by 
the supercritical fluid and the entrainer, respectively. 

30 According to the extraction and separation method and apparatus using a supercritical fluid of the 

present invention, since a specified component is extracted from a sample by a supercritical fluid, various 
components can be extracted at a higti speed and with efticiency. 

Since the supercritical fluid containing the extracted component is separated by a column coated with 
silver nitrate, olefins, in oarticutar, olefins in the cis form can be seoarated mostly. 

35 If extracting operation is carried out by using a sufie^cntica) fluid of carbon dioxice in the method cr 

aoparatus of the present invention, it is possible to extract an EPA methyl ester and a DHA methyl ester 
contained in a methylesteriiied fish oil under mild conditions without the need for addition of specially hign 
heat or long exposure in air, and to extract them without causing substantially any denaturation in spite of 
many double bonds. 

-iO By separating the extracted substance by using a silica gel coated with silver nitrate, it is possible to 

obtain an EPA methyl ester and a DHA methyl ester having a high purity by utilizing the peculiarity of the 
column coated with silver nitrate with respect to olefins in tne cis form. 

In this case, since the supercritical fluid of carbon dioxide is immediately evaoorated at ordinary 
temperature ana ordinary pressure, heating which is necessary in the prior art for the removal of an organic 
45 solvent in liquid chromatography or the like is also dispensed with 

Accordingly, neither of the methyl esters produces substantially any denaturation due to heat. 

The above and other objects, features and advantages of the present invention will become clear from 
the following description of the preferred embodiment thereof, taken in conjunction with the accompanying 
drawings. 

50 

BRIEF DESCRIPTION OF ^HE DRAWINGS 

Fig. 1 IS an explanatory view of an embodiment of an e:<:raction and separation apparatus using a 
55 suoercritical fluid according to the present invention; 

Fig. 2 is an explanatory view of the results of gas chromatograpny analysis of a methylesterified fish 

oil; 

Fig. 3 is an explanatory view of the results of gas chromatography analysis of a first fraction collected 
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by the embodiment of an apparatus according to the present invention; 

Fig. 4 !s an explanatory view of the results of gas chromatography analysis of a second 'raction 
collected oy the enntodiment of an apparatus acccrding to the present inven:ton; 

Fig 5 Is an explanatory view of the results of gas chromatograpny analysis of a third Taction 
5 collected oy the ennbodtment of an apparatus acccrcing to the present invention; 

Fig. 5 iS an explanatory view of the results of gas chromatography analysis of a foui-th fraction 
collected by the embodiment of an apparatus acccrcing to the present mveniion: and 

Fig. 7 is an explanatory view of the resu:ts of gas chromatography analysis of a fifth fraction collected 
by the em.bodiment of an apparatus according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodiment of the oresent invention will be explained hereinunder with reference to the 
accom.panying drawings, but it is to be understood that the present invention is not restncted to this 
75 embodiment. 

Fig 1 shows the structure of an embodiment of an extraction and separation apparatus using a 
sucercriticai fluid according to the present invention. 

The extraction and separation aoparatus shown in Fig. 1 includes a fluid supply portion 10, an e<tractiGn 
portion 12, a separation portion 14 and a fractionation portion 16. 
20 The fluid supply portion 10 is composed of a carbon dioxice bomb 20. a pump 22 connected to the 

outlet of the bomo 20, an ethanol tank 24 and a pump 26 connected to the outlet of the ethanoi tank 24. 

A suppiy pipe 23 of the pump 26 is connected to a supply pipe 30 of the pump 22 so as to supply 
liquified caroon dioxide and ethanol. if necessary, to the extraction portion 12. 

The extraction portion 12 is composed of a heat exchanger 32, a hexagon valve 34 and an extraction 
25 container 36. 

The heat exchanger 32 heats the liquified carbon dioxide supplied from the suppiy pipe 30 to a 
temperature of 40* C to change the carbon dioxide into the form of a supercritical fluid. 

The hexagon valve 34 has ports A, B. C, D. E and F. and, in Fig. l. the port A communicates v/ith the 
port F. the port B with the port C and the port D with the port E. respectively. 
30 The port A or the hexagon valve 34 Is connected to the heat exchanger 32 and the port F -s connected 

to the e> traction container 36. 

The supercritical fluid produced by the heat exchanger 32 is therefore supplied to the extraction 
container 36. wherein a predetermined extracting operation is earned out. 

The discharge pipe of the extraction container 36 is connected to the port C. As described above, the 
35 port C IS connected to the port B in Fig. 1, and the fluid flown out of the extraction container 36 is supplied 
to the separation portion 14 through the hexagon valve 34. 

The port D of the hexagon valve 34 communicates with air through a valve 38. and the port E is closed. 

The separation portion 14 is composed of a hexagon valve 40 and a silica gel column 42 coated with 
silver nitrate. 

40 The hexagon valve 40 has ports G, H, I. J. K and U and, in Fig. 1, the port G communicates v/ith the 

port L. the port H with the port I and the port J with the port K, respectively. 

The supercritical fluid containing the extract and suoplied from the extraction portion 12 is delivered to 
the column 42 ccated with silver nitrate througn the ports G and L, and the fluid flown out of the column 42 
coated with silver nitrate is supplied to the Tactionation portion 16 through the ports I and H and a multi- 
45 wavelength detector (MULTI-330) 44. 

The port K of the hexagon valve 40 is closed and the port J communicates v/ith air through a valve 46. 
The fractionation portion 16 is composed of a pressure adjuster 48 and a pressure control valve 50. 
The pressure adjuster 48 detects the back pressure of a pipe 52 through which the supercritical fluid of 
carbon dioxide containing the separated extract is delivered by way of a detector 44 and carries out 
50 feedback control so that the pressure in the pipe 52 is kept constant by controlling the opening degree of 
the pressure control valve 50. 

The pressure control valve 50 has a small Inner capacity so as to prevent trap due to the accumulation 
of the extracts. 

An extract discharge pioe 54 connected to the pressure control valve 50 is connected to a fraction 
55 co!lector 56 for fractionation. The extraction and separation apparatus of this embodiment has substantially 
the above-described structure. The operation thereof will now be explained 

A desired sample is first charged into the extraction container 36. The pressure of the fractionaticn 
portion 16 is set at a pressure above the critical pressure, and the temperature of the heat exchanger 32 
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and the temperatures of the extraction container 36 and the colunnn 42 coated with silver nitrate, if 
necessary, are maintained at a temperature above the critical temperature. 

Liquified carbon dioxide is then supplied from the caroon dioxide bomb 20 of the fluid supply portion 10 
to the extraction portion 12 by the pump 22. At this stage, the pump 26 has not been driven yet. so that 
5 ethanol is not supplied from the ethanol tank 24. 

When the liquified carbon dioxide in the supply pipe 30 reaches the heat exchanger 32, the 
temperature of the carbon dioxide becomes higher than the critical temperature, thereby constituting a 
supercritical fluid. The supercritical fluid carbon dioxide is supplied to the extraction container 36 through 
the ports A and F of the hexagon valve 34, and extracts each component from the sample. 
70 Since a supercritical fluid is quicker to move and disperse than a liquid, as described above, efficient 
extraction is carried out. 

In addition, since the temperature for the extraction is about 40 'C. denaturation due to heat is scarcely 
caused. 

The supercritical fluid v/hich has completed extraction is delivered again to the hexagon valve 34 and 
75 supplied to the hexagon valve 40 of the separation portion 14 througn the ports C and B. 

The hexagon valve 40 supplies the supercritical fiuid containing the extracted components to the 
column 42 coated with silver nitrate througn the ports G and L. 

Due to the interaction between the silver ions and the olefins, especially, in the cis form, the olefins in 
the cis form are adsorbed and separated favorably in the column 42 coated with silver nitrate. 
20 The hexagon valve 34 is then so operated that the communication of the passages A - B, C - D and E - 
F represented by the broken lines in Fig. 1 are established, respectively 

As a result, ihe extraction container 36 is separated from the passage of the supercntical fluid, and the 
supercritical fluid carbon dioxide is directly supplied from the heat exchanger 32 to the column 42 coated 
with silver nitrate 42 through the hexagon vaives 34 and 40. 
25 The components adsorbed by the silica gel coated with silver nitrate m the column 42 are successively 
separated and discharged in the order of the solubility m the supercritical fluid caroon cicxide, and are 
supplied to the fractionation portion 16 through the hexagon valve 40 and the detector 44. 

By adjusting the pressure adjuster 48 of the fractionation portion 16 so as to raise the pressure 
secuentially and thereby vary the solubilities of the respective components adsorbed by the column 42, 
30 more reliable and efficient fractionation is enabled. 

Furthermore, it is also possible to elute a DHA methyl ester, for example, in a good state by supplying 
a small amount of ethanol as an entrainer from the ethanol tank 24 through the pump 26, if necessary. 

Active extraction and fractionation of an EPA methyl ester and a DHA methyl ester from a fish oil by 
using the apparatus of this embodiment will now be explained. 
35 The column 42 coated with silver nitrate was prepared by dissolving 1 g of silver nitrate m 50 mi of 
acetonitrile. dispersing 10 g of silica gel (diameter: 10 to 20 am. pore size: 60 A) in the solution by 
Ultrasonic, solidifying the solution under a reduced pressure, and charging 6 g of the thus-obtained product 
ipto a stainless steel pipe (inner diameter: 10 mm, length: 125 mnn) in a dry state. A capillary gas 
chromatograoh (5890A, produced by HP) was used for testing the punty of each fraction. The sample was 
40 dissolved in hexane or dichlortomethane m the ratio of 10 mg nnl or 20 mg/ml, and 1 ul of the solution 
was used. 

Fig. 2 shows the results of analysis of the nnethylesterified fish oil by ihe gas chromatograoh. 

As is clear from Fig. 2, each group of Ci* to C22 was pronninently observed, and the area ratio of an 
EPA methyl ester to ail the peaks except tKe peak of the solvent was l2*="o. and the area ratio of a DHA 
-J5 methyl ester thereto was 13''/o. 

Thereafter, 0.5 mt (0.445 g) of a methyl ester of a fish oil was charged into the extraction container 36 
of the apparatus of the embodiment so as to carry out extraction and separation by using supercritical fluid 
carbon dioxide. The extraction container 36 was connected to the column 42 for 20 minutes under the 
conditions that the flow rate of liquified carbon dioxide was 9 mt/min. and the pressure of the column 42 at 
50 the exit was 80 atm. The components extracted during this time were adsorbed and held by the column 42. 

The fluid passage was then separated *rom the extraction container 36 and this state was held for 160 
minutes more. 

A first fraction was collected during 110 minutes after the start of operation, and a second fraction was 

collected during the period from 1 10 minutes to 180 minutes after the start of operation. 
55 The pressure of the coiumn 42 at the exit v/as then raised to 120 atm.. and a third fraction was collected 

for 70 minutes. 

The pressure of the column 42 at the exit was next raised to 200 atm. and a fourth fraction was 

collectea for 60 rmnutes. 
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Finaliv, a fi^h fraction was collected for 6C minutes while maintaining the pressure of the column 42 at 
the exit at 200 atm. and under the conaiticns that the flow rate of the Itquifiaa carbon dioxide was 5 mi m.m 
and the flow rate of ethanci was 0 1 m!.'min 

The res'jits of gas cnromatography analysis of tne r-espective f-act'ons cbtamed in the above-described 
5 way are snown in Figs. 3 to 7 

Fig. 3 shows the resuit of analysis of the 'irst fraction by gas :hrcma:cgraphy. As is clear from Fig. 3. 

and C'3 are contained and small amounts of di, C20 anc C22 are also eluted but any ceak which 
corresponds to an EPA methyi ester or a DHA methyl ester is not ODserved. 

In contrast, m Fig. 4 showing tne result of analysis of the secona fraction oy gas chromatcgraohy, an 
:o EPA methyl ester occupies 57% as the main ingredient However. C^;. C.= and C20 are also observed and 
the total amount thereof is 39%. 

Fig. 5 snows the result of analysis of the third fraction by gas chromatcgrachy. An EPA methyl ester 
occupies 93% as the main ingredient. Although a smalt amount of C?? is eluted. any peak .vhich 
corresponds to a DHA methyl ester is not observed. 
75 Accorcingly. it is possible to obtain an EPA methyl ester having a hign punty by collecting the third 

fraction. 

Fig. 6 snows the result of analyses of the fourth fraction by gas chromatograohy. An EPA methyl ester 
occuDtes 46%, a DHA methyl ester 18% and the peak observed after the DHA methyi ester occuoies 20°o 
!t cannot therefore be said tha: either or the EPA methyl ester ana tne DHA methyl ester has a high 
2Q pur:ty. 

However, a DHA methyl ester occupies 82*^o in the fifth fraction, as shown 'n Fig. 7. An EPA methyl 
ester scarcely ex;sts anc tne peak observed af:er the DHA methy: ester in ^ig. 4 is suppressed only to 7°/o. 

It can therefore be jrderstood from Fig. 7 that a DHA methyl ester can be obtained at a high purity 
frcm the fifth fraction. 
25 These results are collectively shown in Table 1. 

Table 1 
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EPA methyl ester 


DHA methyl ester 


Object 0* 


Total 


Wt°/o 


Content 


Wt% 


Content 


analysis 


amount 




(mg) 




(mg) 




(nng) 










Fish oil 


445 


12 


53.4 


13 


57.9 


Comp. 


352 


13 


45.8 


13 


45.8 


Fraction 












1 


88.9 


0 


0.0 


0 


0.0 


2 


13.1 


57 


7 5 


0 


0.0 


3 


12.2 


93 


113 


0 


0.0 


4 


2.6 


46 


1 2 


18 


0.5 


5 


47.8 


0 


0.0 


82 


39.2 



45 In this //ay. according to the embodiment of extraction and separation method and apparatus using a 

supercritfca! fluid of the present invention, it is possible to separate and extract an EPA methyl ester and a 
DHA methyl esier contained in a methylestenfied fish oit efficiently and at a high purity. 

Although an EPA methyl ester and a DHA methyl ester are extracted from the methyi ester of the 
aiiDhatic acid of a fish oil in this embodiment, the present invention is not restricted thereto and is 
50 applicable to the extraction and separation of various components at a high purity, especially, olefins n the 
CIS form from various materials. 

As described above, according to the extraction and separation method using a supercritical fluid of the 
present invention, since extracting operation is carried out by the supercntical fluid and the supercritical 
fluid containing :he extracteo components are separated by the column coated with silver nitrate it is 
55 possible to separate a specified component from various samples v/ith efficiency under mild conditions. 

By using the extraction method for extracting a specified component from a methylesterifiec fish oil by 
a supercritical 'luid of carbon cioxide and separating the extract from the supercnticai fluid containing the 
extract by :he column coated with silver nitrate, it is possible to concentrate an EPA methyl ester and a 
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DHA methyl ester at a high concentration. 

By using an extraction and separation apparatus provided with an extraction portion for extracting a 
specified component from a sample by a supercritical fluid and a seoaration portion having a silica gel 
column coated with silver nitrate, it is possible to extract and separate a specified component from various 
5 samples at a high concentration. 

Combination of an extraction portion using a supercrnical fluid of carbon dioxide and a silica gel column 
coated with silver nitrate enables efficient extraction and separation of an EPA methyi ester and a DHA 
methyl ester from a methylesterified fish oil under mild conditions. 

While there has been described what is at present considered to be a preferred embodiment of the 
w invention, it will be understood that various modifications may be made thereto, and it is intended that the 
appended claims cover al! such modifications as fall within the true spirit and scope of the invention. 



75 



50 



Claims 



1. An extraction and separation method using a supercritical fluid comorising: 

an extraction process for exiracting a soecified component from a sample by said supercritical fluid; and 
a separation process for separating the extracted component by introducing said supercritical fluid 
containing said extracted component obtained by said extraction process into a silica gel column coated 
20 With silver nitrate. 

2. An extraction and separation method using a supercritical fluid according to Claim 1, wherein 

said extraction process includes ihe step of extracting said specified component from an esterified fish oil 
by an supercritical fluid of carbon dioxide; and 

said separation process includes the steps of introducing said supercntical fluid containing said extracted 
25 component into said silica gel column coated with silver nitrate so as to eiute an eicosapentaenoic acid 
ester by said suoercriticai fluid of carbon dioxide and elute a docosahexaenoic acid ester by said 
supercritical fluid of carbon dioxide with alcohol added thereto. 

3. An extraction and separation apparatus using a supercritical fluid :ompnsing: 

an extraction portion for extracting a specified component from a sample by said supercritical fluid; and 
30 a separation portion including a silica gel column coated with silver nitrate for separating said specified 
component from said supercritical fluid containing the extracted component. 

4. An extraction and separation apparatus using a supercritical fluid comprising: 

a fluid supply portion for supplying a supercritical fluid of carbon dioxide together with, if necessary, an 
entrainer composed of alcohol; 
35 an ?:-traction portion for extracting a specified component from a esterified fish oil by said supercritical fluid 
of carbon dioxide supplied from said fluid supply portion; and 

a separation portion which includes a silica gel column coated with silver nitrate for introducing said 
supercntical fluid containing the extracted component thereinto and adsorbing and holding said exiracted 
component and separates and elutes an eicosapentaenoic acid ester by said supercntical fluid and a 
40 docosanexaenoic acid ester by said supercritical fluid and said entrainer. respectively. 
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